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Abstract Providing perioperative care for patients with hip
fractures can present major challenges for the anaesthesiolo-
gist. These patients often have multiple comorbidities, the
deterioration of any one of which may have precipitated the
fall. A careful balance has to be achieved between minimising
the time before operation and spending time to optimise their
medical status. This review will present insights into preop-
erative patient assessment and optimization in this group of
patients from the anaesthesiologists’ perspective.In particular,
it will highlight important medical issues of concern that may
alter anaesthetic risks and management. With a greater
understanding of what these issues are, potentially a more
prompt and integrated approach to managing these patients
may be made. Hopefully, this would result in minimising last
minute cancellations due to medical reasons for these patients.
Keywords Hip fracture.Osteoporosis.Preoperative
anaesthetic assessment
Introduction
Providinganaesthesia forpatientsundergoingsurgeryfortheir
hip fractures is particularly challenging for anaesthesiologists
as the patients are usually elderly with multiple comorbidities,
the instability in any one of which may have triggered the
sentinel event. The urgency of hip fracture surgery usually is
notdeemedasemergencyandyetprolongeddelayinthequest
for further optimization can paradoxically cause a downward
spiral in the patient’s general status, as new problems may
develop consequent to the continued immobility and pain.
Even in patients with significant medical conditions and high
anaesthetic risk, request to proceed to surgery can still be
justified as surgical treatment is the best form of analgesia and
willimprovecomfortforthepatientandfacilitatenursingcare.
Although the reason for surgical delay is usually due to
hospital organization or the health care system in the vast
percentage of cases, it is particularly frustrating for all
involved when the patient’s surgery is cancelled at the last
minute for medical reasons, especially ones that seem
avoidable or even unreasonable. The anaesthesiologist is
required to exercise careful judgement in balancing between
the risks to the patient against the benefits of early fixation,
especially when multiple considerations can impact upon the
decision-making pathway. In addition to the certain “knowns”
regarding the patient’s condition such as physical signs and
selectedlaboratorydata,therearealsomany“unknowns”such
as any new or pre-existing neurological symptoms in the
uncommunicative or the pre-injury functional capacity in the
apparent immobile. Furthermore, there are non-medical
considerations such as family or patient expectations, theatre
availability, expertise of the operator and anaesthesiologists.
This article willdiscuss risk assessment inhip fracture surgery
from the anaesthesiologist’s perspective. It will aim to look at
common causes for concern from a pathophysiological basis
and suggest ways in which we may be able to minimise
avoidable last minute cancellation.
Avoiding last minute cancellation begins
with the immediate care of patients
Developing practice guidelines that is adapted to the local
institution’s conditions may avoid recurrent or preventable
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DOI 10.1007/s00198-010-1400-5systematic or medical errors and is the crucial first step in
avoiding last minute cancellations. All good care begins
obtaining a careful and focused medical history and
performing a physical examination. Obtaining and document-
ing a collaborative history from a carer or witness where
possible is invaluable in gaining insight into the precipitating
factors for the injury and in determining the timing of the
event. Knowing the time of injury and the duration of any
immediately preceding illness would enable better interpreta-
tion of clinical signs and laboratory results. Patients that were
unwell before the injury may already have been developing
conditions such as electrolyte imbalances or infections that
could delay surgery. Their fluid and nutritional intake could
already be impaired and their normal medications may have
been omitted. Reduced fluid intake and extravasation into the
site of injury can account for substantial fluid deficit,
especially in the elderly. Pharmacokinetic as well as pharma-
codynamic properties of medications may have been altered
due to these changes in the patient’s physiological status.
Early intervention may arrest further deterioration or even
improve the situation. For example, fluid and electrolyte
resuscitation should begin immediately after assessment,
taking into account the deficits that have already been
accumulated since the time of injury and the ongoing
requirements from preoperative fasting. Fluid replacement
should therefore be more aggressive than providing simple
maintenance requirements. It should be guided by electrolyte
levels when they come to hand and may benefit from invasive
monitoring protocol guidance [1, 2].
History suggesting an acute cardiac and cerebral event
precipitating the injury should be investigated as soon as
possible after admission. It is important to appreciate that
factors conducive to the development of myocardial ischemia
are present from the time of injury and are not necessarily
confined to the operative period. These include suboptimal
respiratory ventilation and oxygenation from being immobile
inthe supine position, increased oxygen demand secondary to
pain-induced tachycardia, tachycardia-associated increase in
shear stress to coronary atherosclerotic plaques and trauma-
associated hypercoagulability[3]. Last but not least, a review
and rational plan for the patient’s usual medications is
paramount to minimise further physiological disturbance to
the patient.
Preoperative anaesthetic assessment: what
is important?
The overall purpose for preoperative assessment is to
identify those patients which, on the basis of their current
physiological status, are more likely to develop postoper-
ative medical complications. Also, it aims to exclude any
conditions in patients that are likely to develop into life-
threatening events should they experience any further acute
physiological stresses. For example, blood loss and fluid
shifts needing immediate replacement can quickly induce
hemodynamic instability, electrolyte disturbance, oxygen
supply and demand imbalances that can lead to acute organ
dysfunction such as unstable arrhythmias. This process is
commonly misinterpreted by non-anaesthesiologists as an
evaluation of fitness for anaesthesia, assuming the anaes-
thesia is the most life-threatening process to the patient. On
the contrary, when performed carefully with appropriate
monitoring and timely interventions, the period of anaes-
thesia represents a period of relative stability for the patient
in the vast majority of time. Rather, preoperative risk
assessment evaluates the capacity of the patient to with-
stand the acute physiological perturbations resulting from
the entire operative period that extends well into the
recovery phase. The critical element is to estimate whether
the patient can meet the increased oxygen demand due to
the acute stress response to surgery. Therefore, the
assessment tends to focus upon the cardiac and respiratory
system as these are critical determinants of oxygen supply
to tissues. Another point of focus of the examination is
conditions affecting the level of consciousness, whether it
involves the central nervous system or secondary to
metabolic disturbances. Acute delirium is associated with
high perioperative morbidity and mortality. Delayed emer-
gence from anaesthesia may occur in patients suffering
from preoperative delirium. Alternatively, the effects of
general anaesthesia may further contribute to the delirious
state, complicating the clinical picture.
Pulmonary risk stratification
Risk factors for developing postoperative pulmonary
complications
In a systematic review of more than 100 studies, the authors
identifiedpatient,procedureandlaboratoryrelatedriskfactors
for the development of postoperative pulmonary complica-
tions in non-cardiothoracic surgery that were supported by
goodevidence. Those ofinteresttothe fracture hip population
include advanced age, American Society of Anesthesiologists
class 2 or higher, functional dependence, chronic obstructive
pulmonary disease and congestive heart failure, emer-
gency surgery, general anaesthesia, prolonged surgery
and serum albumin level less than 30 g/L. Interestingly,
for the study population there was insufficient evidence
to support preoperative spirometry as a tool to stratify
risk [4]. Similar risk factors have also been incorporated
into a respiratory failure risk index [5].The presence of any
of these conditions should alert the primary treating doctors to
request for an early anaesthetic consultation.
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Severe factors can individually or in combination precipi-
tate respiratory failure should the patient fail to increase and
sustain the necessary minute ventilation. The basal require-
ment for oxygen consumption is elevated postoperatively
from an average of 110 ml/min/m
2 at rest to up to an
average of 170 ml/min/m
2 from systemic inflammatory
response to major surgery [6, 7]. Also, other intervening
factors such as fever or sepsis can further increase
oxygen demand and carbon dioxide production. Atelec-
tasis is common after general anaesthesia [8]a n de v e n
after spinal anaesthesia [9] and will contribute to ventila-
tion perfusion mismatch and resultant hypoxemia. Seda-
tive effects from subanaesthetic doses of inhalational
agents or opioid analgesia can depress respiration and
the ability of the body to oxygenate the blood and
eliminate carbon dioxide. The urge to cough can be
d e p r e s s e db yo p i o i da n a l g e s i c s ,t o g e t h e rw i t ht h ei m p a i r e d
mucociliary clearance mechanism of the respiratory
epithelium from general anaesthesia [10] can predispose
the patient to develop pneumonia. Therefore, the anaes-
thesiologist has to evaluate the likelihood the patient can
adequately compensate for these adverse factors by
increasing their respiratory effort without developing
exhaustion.
Preoperative pulmonary assessment: what do we look for?
In the preoperative evaluation of pulmonary risk, the
anaesthesiologist is required to determine the likelihood
in the postoperative period that the patient can adequate-
ly oxygenate the blood, eliminate carbon dioxide, cough
adequately to expel lung secretions and to meet the
increased oxygen demand. Clinical assessment is of
paramount importance although not always possible from
the uncooperative patient; however, much information
can still be gleaned from the patient’s general appear-
ance. Those who appear frail, pale, cyanotic and
tachypneic are less likely to sustain a prolonged increase
respiratory effort. Certain physiological parameters may
give an indication of the likelihood of developing
postoperative pulmonary complications. Room-air satura-
tion of below 90% represents an important finding as
from this point a small decrement of partial pressure will
lead to a large decrease in saturation. Those with low
haemoglobin will have a reduced oxygen carrying
capacity. Some objective parameters may be associated
with the possibility of CO2 retention. These include a
reduced FEV1 of between 27% and 47% of predicted [11,
12], forced vital capacity of less than 1.7 L [13]. A patient
with a peak expiratory flow rate of less than 82 L/min
would probably have difficulty generating an effective
cough to clear sputum [14]. An estimation of the patient’s
maximal breathing capacity (MBC) in comparison to the
patient’s baseline minute volume may provide an insight
into their respiratory reserve. The MBC may be approx-
imated by multiplying their FEV1 by 35, with healthy
people being able to sustain a minute volume of 50% to
60% of their MBC [15, 16].
Acute chest infection or exacerbation of chronic lung
condition presents a dilemma as the condition may or
may not be improved with ongoing immobility. A
decision would have to be made on an individual basis
depending on the assessment of their pulmonary reserve.
Thankfully, the operative site of a fractured hip is well
away from respiratory muscles and by itself is unlikely
to interfere with breathing in the postoperative period
unlike thoracic or abdominal surgery. Patients with
marginal pulmonary reserves may still proceed to surgery
provided there is adequate availability of postoperative
monitoring, pulmonary rehabilitation and ventilator sup-
port if required.
Preoperative cardiac risk stratification
The use of consensus guidelines
Excellent guidelines are available to assist with preoper-
ative cardiac risk evaluation and decision making [17,
18]; however, it is recognized that there may be times
when difficulties may arise in following these guidelines.
There may be differences in availability of expertise or
resources in different institutions. There may also be
patient-related limitations such as difficulty in obtaining
an accurate functional status from elderly patients with
limited mobility. They may not be stressed to the point of
c a r d i a ci s c h e m i ai nt h e i rd a ily life and is therefore
“asymptomatic”. Nevertheless, the spirit of the guidelines
should apply and is summed up in this statement: “The
overriding theme of this document is that intervention is
rarely necessary to simply lower the risk of surgery unless
such intervention is indicated irrespective of the preoper-
ative context. The purpose of preoperative evaluation is
not to give medical clearance but rather to perform an
evaluation of the patient’s current medical status; make
recommendations concerning the evaluation, management,
and risk of cardiac problems over the entire perioperative
period; and provide a clinical risk profile that the patient,
primary physician and non-physician caregivers, anaes-
thesiologist, and surgeon can use in making treatment
decisions that may influence short- and long-term cardiac
outcomes. No test should be performed unless it is likely
to influence patient treatment. The goal of the consultation
is the optimal care of the patient.”[18]
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Accordingly, those with unstable coronary syndromes, such
as unstable or severe angina or a recent myocardial
infarction (7 days to 1 month), decompensated heart failure,
significant arrhythmias (including supraventricular arrhyth-
mias with ventricular rate above 100, high-grade atrioven-
tricular heart blocks) and severe valvular disease should
undergo cardiac evaluation. Evaluation should also be
performed where uncertainty exists over the diagnosis
(e.g. dyspnoea of unknown origin) and for those with
pacemakers (to review its indication, evaluate the battery
life and resetting the mode if indicated). The purpose of
these consultations is to confirm diagnosis, delineate the
severity of the disease and whether there is any room for
improvement with medical treatment in light of the
clinical findings and not to obtain a medical clearance
for anaesthesia from our physician colleagues. Where
timely preoperative intervention may not be available, the
information gathered may influence the postoperative
management of the patient such as the patient disposition
post surgery or postoperative coronary interventions.
Current evidence would indicate there is no benefit in
delaying surgery for patients with mild to moderate
hypertension (systolic less than 180 mmHg and diastolic
less than 110 mmHg) [19, 20]. The evidence for severe
hypertension is less clear, but the decision should be based
on the duration of the hypertension and whether end organ
damage is present. Conditions that are casually linked to
hypertension such as heart failure, coronary artery disease,
renal impairment and cerebrovascular accident constitute
important components of the revised cardiac risk index
and their presence would independently elevate cardiac
risk [21].
Patients receiving anti-platelet therapy
Management of the patient on anti-platelet agents such as
clopidogrel for drug-eluting coronary stents is difficult and
controversial. The withdrawal of these agents represents a
major risk factor for thrombosis for all types of stents,
particularly for late stent thrombosis in drug-eluting stents
[22, 23]. There are patients who are at particular risk,
including those with a history of stent thrombosis, patients
with multiple stent, long stents or stents placed at a
bifurcation, incomplete revascularization, diabetic patients
or patients with a low ejection fraction [23]. In general,
neuroaxial anaesthesia is contraindicated in patients taking
these medications (except those taking aspirin alone) but
not for general anaesthesia. Some patients may be less
tolerant of increased blood loss associated with these agents
and special arrangements may have to be made for these
situations that mandate a multidisciplinary approach, with
considerations of implementing bridging anticoagulation
therapy if warranted [24].
Central nervous system evaluation
Delirium is common in hospitalised patients [25]a n di s
common in those with pre-existing cognitive impairment
[26]. It may develop in up to half of patients postoperatively,
especially after hip and vascular surgery [27, 28]. Postoper-
ative delirium is associated with increased morbidity and
mortality and increases length of stay [29, 30]. Therefore, the
presence of delirium preoperatively warrants prompt inves-
tigations, but this condition is often unrecognized [31]. Of
importance is to rule out major life-threatening conditions
such as hypoxia, hypoglycaemia, major fluid and electrolyte
imbalances, sepsis and major organ impairment. If suggested
by corroborative history and/or physical signs, neuroimaging
of the head may be needed to rule out a cerebrovascular
accident. A recent stroke is accompanied by impaired
autoregulation of cerebral vessels and haemodynamic stress
associated with surgery and general anaesthesia can poten-
tially make the penumbra area susceptible to haemorrhagic
transformation and worsening ischemia extend the infarct
area. There is no consensus as to the period of vulnerability,
but it may be in the order of 2 weeks [32].
When to proceed and when to defer?
A good rule of thumb when considering whether to proceed
with operative treatment is to determine whether there are
conditions present that may be detrimental or even life-
threatening that require medical treatment in its own right
in the absence of surgery. Such conditions may include
dehydration with acute renal impairment, severe electrolyte
abnormalities (a sodium or potassium level outside the
range of 120 to 150 mmol/L and 2.8 to 6.0 mmol/L,
respectively), symptomatic anaemia and uncontrolled dia-
betes with risk of developing dehydration from polyuria or
hyperosmolar coma. In addition, one would consider
delaying surgery for unfasted patients and to correct any
correctable coagulopathy and anaemia. The level at which
this occurs should ideally be individualised, but transfusion
should be considered when preoperative haemoglobin level
is between 7 and 10 g/dL. Operation should only be
deferred if there is a reasonable likelihood of improving the
conditions that are precluding surgery. To optimize, as
defined by the Oxford Dictionary, is to “make the best or
most effective use of a situation or resource”. Optimization
is what we hope to achieve for every preoperative patient;
however, there are times when the best a patient can
achieve still places him or her in a high-risk category,
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are no further improvements possible without subjecting the
patient to other stressful procedures, a decision has to be
made to either proceed with operative or conservative
treatment. Prolonged or repeated fasting orders during
periods of decisional uncertainty can only cause further
harm to patients. Many intervening factors, medical or non-
medical, may wade into the decision to operate or not.
Ultimately, each case have to be considered on its own
merit and communication between surgeons, anaesthesiol-
ogists, physicians, intensive care physicians and the patient
is paramount in decision making.
Why then does last minute cancellation occur?
Last minute cancellation or undue delay of an operation due
to medical reasons is frustrating to all concerned as it is
mostly avoidable and is costly to both the patient and the
health care system. It frequently occurs consequent to
expectation differences and breakdown in communication
between the physicians from different disciplines involved.
The development of institutional guidelines on the manage-
ment of fractured hip patients (see Fig. 1)t h a ti sf o l l o w e d
from the time the diagnosis is first suspected would bypass
much of the uncertainty regarding expectations of what need
 
Adequate historian? 
Corroborative history 
from caretaker or 
witness   Mechanisms + Time of injury 
  Any preceding symptoms 
-  Chest pain 
-  Shortness of Breath 
-  Neurological signs 
-  Lost of consciousness
  Take bloods for Ix 
-  CBC, Na, K, Ur, Cr, Glu 
-  LFT, PT, APTT if indicated 
-  Other bloods as directed by history 
and examination 
- CK,  Troponin 
- TFT etc
  Start IV fluids * 
(i)  Calculate deficit from time of injury 
No of hours x hourly requirement 
(ii)  Calculate ongoing requirement –  
* Adjust as 
blood results 
available 
*?invasive 
monitoring 
Analgesia adequate? 
Imaging to confirm diagnosis 
 +/-  CXR 
  +/- CT scan if CVA suspected 
Suspected fractured hip 
NO 
YES 
Diagnosis confirmed and OT planned 
  Give as balanced solution 
over 6 hours on top of 
hourly rate 
Consider Respiratory 
Consultation 
  Room air oxygen 
saturations < 
90% 
  Acute 
exacerbation of 
COPD 
  Acute infection 
Consider Cardiac Consultation 
  Unclear diagnosis 
-  ? IHD/AMI 
-  Valvular heart disease 
-  Dyspnoea of unknown origin 
  Assess severity of known disease 
-  Medications optimal 
  Pacemaker management 
  Management of antiplatelet medication 
Medication plan 
  Change to 
intravenous 
preparation as 
required 
  Dosage 
adjustments 
 
YES 
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
Fig. 1 An example of an
institutional guideline on the
management of hip fracture
patients. Ix = Investigations;
CBC = Complete Blood Count;
Na = Sodium; K = Potassium;
Ur = Urea; Cr = Creatinine;
Glu = Glucose; LFT = Liver
Function Tests; PT = Prothrombin
Time; APTT = Activated Partial
Thromoplastin Time; CK =
Creatine Kinase; TFT = Thyroid
Function Test; IV = Intravenous;
CXR = Chest X ray; CT =
Computerised Tomography;
CVA = Cerebrovascular Accident;
OT = Operating Theatre; COPD =
Chronic Obstructive Pulmonary
Disease; IHD = Ischaemic Heart
Disease; AMI = Acute Myocardial
Infarction
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Invariably “one size does not fit all”, and individual
circumstances may require deviations from set guidelines;
however, it would substantially reduce delay as the indicated
investigations and referrals would immediately be made.
Lastly, such guidelines must be individualised to specific
institutions or area health and require the input of all
specialities involved and be reviewed and audited on regular
intervals to ensure it is effective in achieving its aims.
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